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L ' MEMORANDUM REPORT

for
Army Alr Foroeg; Materliel Command .
N “AERODYNAMIC .CHARACTERISTICS FOR INTERNAL-BALANCE AND

g FRISE TYPE AILERONS ON AN NACA 6 SERIE®

LOW-DRAG TIP SECTION OF THE WING FOR THE XP-63 AIRPLANE
By Williem J. Underwood
INTRODUCTION )
At the request of the Army Air Foroes, Materlel Oommand,

tests were made in the two-dimensional low=-turbulence tumnel
of & model submitted by Bell Alroraft corl;oration as the tip
section of the wing of the XP-63 airplane, The model was

an NACA 66,2x-216 a = 0,6 airfoll section of 50-inch chord
and made of dural according to standard sheet-metal practice.
The model was fitted for an internal-balance alleron with a
tab and a Frise type alleron.

Several alterations of the skirts and balance on the
1nterna1-baianca alleron were tested to obtain the various
aerodynamloc characteristics of the allerons _

It was felt desirable to check the results from the
two-dimensional 1ow-turbuienoe tunnel on a smaller chord
model due to the blocking effect of the large.chord model
at high angles of attack. The cheok teste.were made in
the two-dimensional low-turbulenoe pressure tummel where
more complete drag and 1lift results oould bé obtained at



approxinately the samé Reynolds number. - .The model tested in

L

the two—dimensionai 1ow-turbulenca ‘pressure tunnsl was the

NACA 66 2x-116!.i : 0 6 airfoil qection of 24-inch chord.

This model wes nade of leminated mahogeny and was equipped

with pressure orifices over the- alleron, . It was felt that

the small_changa in carber hetween -the 24-inch chord and
:|50-inch cha;d ﬂodéis wéﬁld“have no apprediahie effgct on the
.aileron charﬁgteriSuics." -

Section 1ift drag, and: hihge<momont eoefficients are
_presepte@ herein I'rom the restilts of the tests In the two-
;diﬁénﬁiqngl low-turbulence tunhel and the ﬁwgpﬁingnsiqnal
loy%turﬁulencé ﬁréséﬁfe tunnel. -’.
- 7 NETHOD _—

_ Lift and drag measurements for both models were made by
methods aescribed in reference 1. In. the case of fhe NAC&
66,2x—p16 a = 0.& 50-1nch chord mpodol, the 11ft and drag .
coefficlents were hased on the nominal wing chord, e, of
50 inches, ;iﬁhough the “true chord length war 43.875 inches
with the inteéinal-balance aileron.and.49.375 inghcs with the
Ffise type'aiieron; ‘The ‘' hinge--mment coefflcients were based
on”fhe actual dimensions of .the aileron. chord, cq. Tﬁe
alleron confipurauions -tésted are dimensloned as a_fraotional
part of the noninal wing chord (fig. 1). Hinge moments were
measured with a torque rod hinge-morient balance. The éection

hinge-moment coefilclent 1s given as

—_ M
°h ¥ §8.c.
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The model ‘as' delivered was equipped w*ta & pressure

seal curtain as shown ir fisure 1, éoafigurat*on 4ua¢ Rubber

l e -

dam seals were installed at each end of the ailerqn because

. previous tests have shown that both tne aileron balanee and

effectiveneas dre advers ely affectcd by end “low.x  The

models were sealed in this mannor for vll toatﬂ unlfas
_gtherwise noted, o

The aileron hinge momaents on:the ILiCh 66,2i;116 a = 0.6,
£4-1inch chord model were obtained I'rom presqureidiqtfibﬁtion

measurementa, The =ec *iOﬂ Liinge-rioriend, cocffleipnt 1s

-

whgré' ohn and ehy Aare determined by infepgrating éhé 2
normal and chordwise preﬂau*s-d;stribut“on diaprnns._" ﬁn{7-'
'Hinge moﬁent aue to the sealing cp?tain Chypid, 1s;aﬂw'r
estimate of the monent bdaultfﬁg from ﬁhe uressure di”fﬁrencer
on the seallng curtain. - This monent varies with uqe -shape
-of the .curtaln and 1its position relat;ve'¥6-iﬂéﬁfoint oF
attachment - to the alleron. For simplicitv the contri-

bution of the pressure =zeal curtain to the hinge moment




- -
was assumed to be equal to that resulting from the.application
of a force acting perpendicular to the alleron chord at the
point of attachment. This force was assumed to act at an arm
of 0.5%¢c, and to be equel to 94%&93 (Sy-S1,) where SU--SL
(reference 1) 1s the difference in the pressure coefficlents
across the sealing curtaln.
" RESULTS AND DISCUSSION
NACA 66,2x-216 a = 0,6 50-Inch Chord Model

Conflguration A'(figi l). - Alleron effectiveness and

hinge moments for configuration A wlth the tab locked at zero
are presented.in figure 2. The hinge-moment results showed
the need for more balance because the slopes of the hinge-

de
moment-coefflclent curves (%35> were too high.. At high
& 64=0
speed the stick forces would probably be too large for good

maneuverabllity.

Configuration B (flg. 1l). - Alleron effectiveness and

hinge moments for configurétion B are presented in figure 3.
Because the slope of the hinge-moment-coefficiént curve

de \\ '
<égb was large and because the 1ift coefficients actually
a 6a=o :
decreased for alleron deflettlons greater than ~12°, tests

were made at only one angle of attack.

Configuration C-1 (fig. 1). - Alleron effectiveness and

hinge moments for configuration C-1 with the tab locked at



5 -
zero are presented in figure lL; ' The corresponding drag
polars are presented in figures 5(a) and 5(b). . The test.
results. were insufficlent in nUmber to determine’ eurves. ]
The effects of a 0.0%392¢ tab on the" effectiveness and hinge. |
moments are presented in figures '6(a), 6(b), ‘and 6(c)

Figure | shows that the alleron was overbalanced for small
deflections. The large rate of change in hinge moment.

. d
with angle of attack (;——- .
: d 6 =0 wlll cause further aileron

overbalance dus to rolling. The 1arge value of: ( ) _0
i : a=

was attributed to the sensltivity of the pressures at slot
lips, which are the same as the balance pressures, to local
flow condltions in the reglon of the slot. | The results for
the ailleron with the tab. indicate that 1t may be pessible -
to correct the overbalance by the use of & sultable tab
linkage, . o L '

The effects of small leaks ih- the balance plate and
removal of .one end sedl are presented in- figure Te It is _
seen that small leaks in the balbnde plate or sealing eurtain
do not seriously affect the hihge moment and effectiveness
in the range.of small deflection but have an apereciable
effect at.alleron deflections above 10°, The removal ‘
of one end seal,; resulting in fri- end gap of anpreximately

0.375 1nch, caused a large' iricrease in the slopélef the




-6 =
. - dch 3 o .
hinge-moment-coeffliclent curve -33—- -+ * gnd-an appreclable

a — L]
[ 8,=0

decrease.in the efféctiveness. _ _
The effects of réuéhness qﬁ éffeqpiveneqs_and hinge moments
are glven in figures 8 and 9. 1In figure 8 1t can be seen

dc ;
that roughness causes a change 1n ?T-— " and appreciably

a/s
Hy=0
shortens the range of low hinge moments fér posltive deflec-
tions of the aileron.

Configuration C-2 (filg. 1). - The hinge moments for con-

filguration C-2 are presented in flgure 10. It can be seen
by comparing figure 10 with figure l (configuration C-1) that
the change in the skirt gap ellminated the alleron over-

balance, and caused the rate of Ehange“of_the hinge moment
- dch
with angle of attack e to decrease, Increasing
=0

the size of the gap by shortening the skirt_effectively mo ved
the gap posltion forward, away from the region of rapldly
changing pressures: assoclated with the peak pressure on the
alleron, and thereby reduced the sensitivity of the pressure
difference across the balance portion of the aileron to
changes 1n angle of attack end aileron delflection. Unpub-
1ished test data showed no drag incremenﬁ_in the low-drag
range and no change 1n effectiveness throughout the range of

alleron deflections tested due to the increase in gap size,
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Configuration C-3 (fig. 1l). - Hinge moments for con- '

Figuration C-Z are presented in figure 11. It 1s seen

that this skirt condition gave a still smaller rate of change

de
of the hinge moment with angle of attack:(%a%)a' 0 than
a:

did confilguration (-2 (fig. 10) Comparison of figure 11
with configuration c-2 shows that the qlopes of the hinge-

de '
monent curves < 1;) are about the same. Apgain
a=0

unpublished test data showed no drag incresment in the low-
drag range and no chanre in effectiveness throughout the
range of slleron deflections due to the change in the
slot lip.

ACA 66,2x-11€ a = 0,C '24-Inch Chord Model

The conlifuratlon ftested 1n the two-dimehsional low~
turbulence pressurc tunnel is given In figure 12. The .
resulta of the checl: tart In the tvo-dlmensional low=-turbulence
ﬁressure tunnel are presented in flgures 13, 14, and 15.
It 1s seen in figure 13 that the rate of change of the |
hiﬁée moment with angle of attack 1s of the same order as
for conflguratlion C-3 on the NACA 66,2x-216 a = 0.6
50=1nch chord modsl. The slopes of the Jinge-noment curves
are for qualitative purposea only hecause the effect of the
sealing curtain on the hinge nioment could only be approxi-
mately estimated. The drag curves presented in figures l4(a)

and 14(b) show a good low-drag range for the alleron
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deflectloris tested. Thie dotted portion of the curves relate
to the change in 1ift, which 1s attributed to sﬁdden shift in
transltion to the leading edgs. The 11ft curves for wvarlous
alleron deflections are plotted agalnst anpgle of attack and
presented in flfure 1E. The seme sudden shift in transitlon
causes the flow over the.allercn to separate and to show a
1oea in 1ift for a small increanse in the angle of attack.
Thils shift causes some 1lnss In eilcetivenees at large alleron
deflesctiona for an angle of attacly, ¢, of O°, Qs shiown in
figure 12,
CONCLUISION

The results Indlcated that the Frlse type ell=ron
tested wonld not bs satlsfactoryw.

Elther by increasing the slze of the gan by shortening
' tﬁe skirt or moving the gep forwvard eway from reglon of rapidly
changihg pressures associeted with the pealr nressure on the
elleron, the senaitivity of the completely sealed internal-~
"balance allsron to changes in angle ol attack and aileron
deflection ls reducsd. Becansae of thie necesslty of belancing
out nearly all of the alleron hinge noment in order to obtaln
sufficlently light stlck forees, it sesms desirabls to use
a small balancing tab 1n conjunctlon wilth the internal-

balance alleron,. to obtain ths final adjumstrment. If this
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combination is wused with configuration 0-3 (fig. 1),
or one with slightly more nose halance, . & reasohably

ESaﬁisfuctéby-aileroﬁ.ihouldf}e'égéuned;: S

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Fleld, Va., October Z, 1942.
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Figure l.= Alleron configurations tested on the NAOA 66,2x-216, a = 0,6, airfoil
seotions 50-inch chord model.
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Figure l.= Alleron configurations tested on the NAOA 66,2x-216, a = 0,6, airfoil
seotions 50-inch chord model.
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Figure 12.- Alleron configuration tested on the NACA 66, 21-116 a = 0.6,
airfoil sections 2li-inch chord model.
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